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1. INTRODUCTION

A simplified form for the set of differential equations describing the coupled
non-linear pitch and roll motions of a ship has been discussed in reference [1]. For
several cases, the resulting ship motions and the stability of these motions have
been discussed. No experimental verification of the results has been presented.
While the development is interesting, it seems that the set of differential equations
which is adopted for the analyses is both oversimplified and incompatible with the
physical nature of the problem. Hence, the results presented in reference [1] are
questionable.

2. ANALYSIS

The set of differential equations for performing the analysis of coupled pitch and roll
motions of a ship is as follows [2] (which is modified for the forced vibration case):

Uxx +11) ity + Viug + py (g — uguatiz) + Vouguy — (I, + 15 + Ig) tiqiiy

+ Tuqity + Touyiiy = Fy (1), (1)
(I + 13) ity + Vsuy + potiy (1 + uf) + 05V ui + 1:5V4u3 + (I, + 051, + I
+ Ig) uf + 0-514i3 + Tuqity + Lyuyii, = F (1), 2)

where u; and u, are roll and pitch motions of the ship, respectively; and x, y and
z stand for the longitudinal, transverse and vertical directions in the ship. The mass
moments of inertia corresponding to these axes are shown by proper indices in
equations (1) and (2). Other moments of inertia in the form of I, denote the added
inertia terms.

In reference [ 1], a simplified form of equations (1) and (2) has been considered for
the case of modulated excitation as

il + wiuy — ugus + 2epqiiy =0, (3)

il + wiuy, — u} + 2ep,ii, = (Fo + Fy cos (1)) cos (). (4)
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Such simplification has some shortcomings. Firstly, a comparison shows that the
neglected terms in equations (3) and (4) are basically those related to the added
inertia. However, in ship dynamics problems, the values of added mass and added
inertia terms may be quite large and comparable with some similar parameters of
the ship itself. Therefore, their cancellation may lead to substantial error in the
results. Secondly, a comparison of the coefficients of the terms u,u, and u? in
equations (1) to (4) results in

V2 05 V2

—_— = — 1, 7=—1 5
I..+1, I, +1I; )

Regarding the ignorance of the added inertia terms in the above-mentioned
analyses, one obtains

I = 21,,.
T ©

Hence, for equations (3) and (4) to be valid, the mass moment of inertia about the
longitudinal axis should be twice the mass moment of inertia about the transverse
direction. It seems that this requirement is not satisfied in any existing kind of ship.
In fact, the moment of inertia about the transverse direction is usually several times
the corresponding one about the longitudinal direction.

The above discussion reveals that the adopted set of differential equations for
performing the analysis is not accurate enough. Hence, as no experimental
verification has been reported, the results presented in reference [1] seem to be
controversial.

3. CONCLUSIONS

The adopted set of differential equations of motion in reference [1] is both
oversimplified and unrealistic. The cancellation of added mass terms cannot be
justified since these are not negligible when compared with the corresponding
values of the ship itself. Furthermore, even if one ignores the effect of added mass
terms, the set of equations of motion considered in reference [1] can be obtained
only if the mass moment of inertia of the ship about its longitudinal axis is about
twice of the corresponding value about the transverse axis. The occurrence of such
a relationship is very unlikely in ships. Hence, the results in reference [ 1] which are
based on such an over- and unrealistic simplification and are not verified by
experimental outcomes are doubtful.
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